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Our Third Year Demo
Showed Feasibility

s Standards- |EEE 1451,
Ethernet, 4-20ma

= Communication - Direct

Seguence, Spread
Spectrum, CDMA RF

= Robust - 140 feet In
Bowater paper mill
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We Accomplished What We Set
Out To Do

= Year 1- Functional Description and
Requirements - some surprises, several
external requests

= Year 2 - Architecture Specification,
components - mor e external requests

= Year 3- Integrated systemsand Demo -
external requests and potential partners
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Challengesin Wireless Technology
| dentified by National Resear ch Council

= Eliminating Interference - reliable communications

= Developing I ntelligent Wireless Sensor s - reduced
deployment cost

= Developing Robust Architectures - for harsn
environments

= Developing Remote Power - long lasting and reliable

= Developing Standardized Protocols - plug-and-play
(without the plug)
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Key Requirements | dentified

= Operate Unattended - Reduced cost of
deployment and maintenance
— self-configuring,
— self starting,
— self healing

= Support Legacy Systems - Sensors and
networks, open standards (1451)

= Operatein Industrial Environment -
temperature, dust, vibration
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Featur es Documented In
Architecture Spec

= Architecture- DSSS, CDMA, peer-to-
peer, hierarchical, dynamic

= Testbed - |EEE 1451 (Smart Sensor)
compliant, Perfor mance metrics
established

s Path Forward - smaller footprint, higher
performance, third-party support
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DOE/OIT Board Level Wireless Test Bed

Overall System Block Diagram

Demonstrated at Bowater and OIT Expo!
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Architecture Designed For

Miniaturization

4mA-20mA
Sensor Input

DOE/OIT Board Level Wireless Test Bed

AC Power Power Supply DC Power

Current-to-Voltage
Conversion
&

AID Converter

A/D Control

Digital Data »

Sensor Node
Tx Control
Tx Data N
pController
Section
Rx Data
Rx Control N
Real Time Clock

Serial
RX/Tx

Local Serial Comm
Interface/Drivers

RF
Section

RF CDMA Spread Spectrum

0’

Roberto Lenarduzzi 04-14-1999

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

UT-BATTELLE




M easur ement Provided to Existing
|ndustrial Networ k

DOEMNT Board Level Wireless Test Bed
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Modular Design For Reuse
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Demonstration in Bowater
Plant Proved Performance

= Robust - up to 140 feet in har sh environment

s Standards - 4-20ma standard pressure and
temperature sensors, | EEE 1451 data
structures, ether net

= Throughput - updates suitable for real-time
displays

= Low Power - 1/10000 power density of
narrow band systems
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s Standards- |EEE
1451, Ethernet, 4-
20ma

= Communication -
Direct Sequence,
Spread Spectrum,
CDMA RF

s Robust - 140 feet
In Bowater paper
mill
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Connection Doesn’t
Require 100% Success

OIT-WTB Demo
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SiIGe Work Begun on
ThisProject

s AMS S Geprocesshasf: up to 30 GHz,
adeguate for 5.8 GHz systems

= Two SIGe chips have been designed and
submitted for fabrication

— Individual devicesfor characterization and
model verification

— Several RF functional blocks needed for a
5.8 GHz bi-directional system

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE




Wireless Program at ORNL

Provided Significant L everage

s LDRDs - wireless microsensor s, embedded
wireless biosensor - $1.5M

= Commercial Supplier - wirelessMEMS - $4M
= Oil Industry - robust architecture - $1.5M

= Navy - Power management for wireless sensors
- $555K

s NASA - launch vehicle status - $1M
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Follow-on Proj ects Benefit

= Steel - Timken -
wireless
temperature of steel

= Pulp and Paper -
wireless moisture
Sensor

s Defense Logistics
Agency - wireless
tags
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Spread-Spectrum | EEE 1451.3 Protocol Demo

Data Screen

||||||

Closeup of Transceiver
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Ground breaking work In:
« Wireless protocols
 Mixed Signal ASICS
L_ow Power Designs
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|mpact of Market Penetration
Expected to Be Significant

= $15B per year business - wir eless sensor s
and industrial communication

= $200 - $2000 per foot - wiring costsin
Industrial facilities

= Mobility and Agility - moving components
can stay connected

s Safety/Compliance - personnel and
emissions

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE




Critical Next Steps Awaiting
Funding and Partner ships

s Self-Powered - harvesting, helium 1on-
based batteries

= Smaller Footprint, Improved Noise
lmmunity - SIGe ASICS

= Reliability - error detection/correction
= Embedded Intelligence - Sensor Agents

‘ Ready For Best Practices Call - Sign Up Now! ‘
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Sensors Expo and Motion Contr .« Conferences— ses page

Our Project
Highlighted In
April 2000 Issue el
of Sensors e

Magazine -l

Spotlight on Optics

Cover Story |
Measuring with Light—The Physics of Fiber Dptics

Machine Vision Optics
ACMODS Imager

THE JOURKNAL OF APPLIED SENSIHNG TECHHOLOGY
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Expo Spring Confer

s@cﬁc
Follow-up =2Ell=

Articlein April ( Bz e
2001 Stressed Wireless
Wireless Sensor

| ssues
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The Future;
The Sensor | Sthe Networ k

Past Present Future
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= High cost o fownership wower oo st of ownership lable cost of ownership
» Inflexible i = Vast incornpatibiities aTre plug and play
= Voltage and current - aData » Informnatics )
= Sitnple tran: « Dumb sensors = Manyr autonor _ ; 58
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Embedding Classes of Functionsfor Information Abstraction
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Project Successful - Work
Continues as Funding Allows

= Demo - 140 feet but why not mor e?

= Power - wall power harder to get than
expected - need power scavenging

g Size- need smaller size and internal
antenna

= Partners- somein place, need more
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